the livers of starved than in the livers of well-fed animals (reviewed in deDuve and Wattiaux [1966]). This finding led to the notion that autophagy, through the bulk lysoThe eukaryotic cell uses an evolutionarily conserved somal degradation of cytoplasmic proteins and organlysosomal pathway of self-digestion (autophagy) for elles (see Figure 1) ery, they found that wild-type mice survived approximately 20 hr if they were not fed and at least 72 hr if they were artificially fed. In contrast, atg5-deficient
previous work, Thompson and colleagues found that an adequate extracellular nutrient supply does not ensure adequate intracellular energy substrates for mammalian cells (see Lum et al. [2005] for references). Growth factors are essential to license cells to take up extracellular nutrients by increasing the cell surface expression of nutrient transporters. Now, in the present issue of Cell, the same group reports that, in the absence of growth factor, autophagy is essential in prolonging mammalian cell survival (Lum et al., 2005 ).
An increase in autophagosomes has been observed in mammalian tissues following the abrupt withdrawal of hormonal trophic factors, including the prostate following castration, the ovarian corpus luteum during postpartum regression, and the mammary gland during postlactation involution. In fact, the presence of massive amounts of cellular autophagy in these settings has contributed to the classification of autophagy as a form of non-apoptotic programmed cell death. However, it is , bak Ϫ/Ϫ cells used alternative The pattern of autophagy induction during the neonasubstrates generated by cellular catabolic pathways to tal period poses some interesting questions. Since local maintain energy production. Indeed, IL-3 deprivation amino acid concentrations in the heart, liver, and brain was accompanied by induction of autophagy, a deparalleled systemic concentrations, one wonders why crease in cell size, and a gradual disappearance of reclocal autophagy is required in tissues such as the heart ognizable cytoplasmic structures. Autophagic breakand diaphragm that have a sudden increase in energy down of cellular constituents was critical for maintaining needs at birth. Presumably, increased autophagy at cellular energy homeostasis and cell survival since inacmore classical catabolic sites (e.g., skeletal muscle or tivation of the autophagy genes, atg5 and atg7, or pharliver) could provide an adequate systemic supply of numacological blockade of autophagy resulted in a rapid trients to tissues with increased energy needs. Theredecline in ATP and cell death. fore, the massive induction of autophagy in the heart Thus, autophagy appears to play critical roles in proand diaphragm (which is not observed during short-term tecting mammalian cells against deficiencies of extrastarvation in adult mice) may indicate that the increased cellular and intracellular nutrients (Figure 1 ). The specific energy needs of these organs at birth cannot be met signaling events regulating the induction of autophagy solely by extracellular nutrients; rather, local autophagy during neonatal starvation and IL-3 deprivation have not may be required to generate sufficient intracellular metabeen defined but may involve the evolutionarily conbolic substrates to sustain cellular energy homeostasis. served nutrient sensors, GCN2 (which stimulates auAutophagy at these and other sites (such as the skin tophagy) and TOR (which inhibits autophagy) (see Coand lungs for which there is no obvious increased energy dogno and Meijer [2004] for review). Additional work need) may also reflect a role for autophagy in non-nutriis needed to precisely define how autophagy affects tional forms of environmental adaptation that must occellular metabolism and bioenergetics to sustain surcur for neonates to survive. Furthermore, given their vival during nutrient stress. It will also be important to suckling defects, atg5 Ϫ/Ϫ mice may also possess other assess whether the pro-survival function of autophagy developmental abnormalities that contribute to their during growth factor deprivation is conserved in cells neonatal lethality.
with intact apoptotic machinery. If so, such a finding The requirement for autophagy in maintaining cellular will pose a major challenge to the decades-old belief energy homeostasis in mammals may not be restricted that autophagy is a mechanism of cell death following trophic factor withdrawal. to settings when extracellular nutrients are limited. In Until recently, however, it has been difficult to prove that intracellular bacteria are degraded by an autophagy-like pathway. Before the discovery of individual components of the autophagic machinery, there were no markers to unequivocally identify autophagosomes. The authors propose that GAS entry into the cytomachinery in these circumstances differs somewhat plasm triggers sequestration by autophagosome-like from classical autophagy. Classical autophagy is genercompartments (see Figure 2) . This model fits best with ally thought to be nonselective, involving the bulk degratheir finding that a mutant strain of GAS that cannot dation of cytoplasmic contents. In contrast, during the escape from endosomes does not enter LC3-positive host response to intracellular bacteria, the autophagic autophagosome-like compartments. However, the posmachinery appears to selectively sequester bacteria (or sibility that GAS-containing endosomes directly fuse compartments containing bacteria). Additionally, at with autophagosome-like compartments cannot be exleast in the case of M. tuberculosis infection (and potencluded since this mutant strain could be defective in tially other pathogens that replicate inside vacuoles), xenophagy induction, independently of its inability to the autophagic-like degradation process may not inescape from endosomes. This question and other intervolve the sequestration of cytoplasmic contents by an esting questions regarding the cell biology of the xenoisolation membrane. Therefore, the term xenophagy disphagic degradation of GAS remain. Ϫ/Ϫ cells. These findings suggest that xenophagy gic machinery orchestrates a coordinated, multifaceted is involved in anti-Shigella innate immunity and that xenapproach to the elimination of intracellular pathogens. ophagy can be antagonized by a bacterial virulence fac-
[2003]). growth of the organism rather than promote its degradaNakagawa et al. show that internalized GAS is tartion through a lysosomal pathway (reviewed in Kirkegeted for rapid degradation by xenophagy, thus defying gaard et al. [2004] and Shintani and Klionsky [2004]). the notion that GAS escapes host clearance mechaIn addition, prior to the identification of the autophagy nisms by seeking intracellular refuge (Nakagawa et al., genes, it was not possible to directly assess the conse-2004). In wild-type mammalian cells, internalized GAS

